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DESCRIPTION 



RECEPTION LEVEL MEASURING SYSTEM 



Technical Field 

The present invention relates to a reception level measuring 
system and, more particularly, to a reception level measuring system in 
which a base station in a code division multiple access (CDMA) mobile 
communication system measures the reception level of a signal from a 
mobile station. 

Background Art 

In a CDMA mobile communication system, a mobile station 
shares the same frequency band, and spreads spectra of base band 
signals in 1- and Q-channels by using specific spread codes which are 
assigned in advance. A base station inversely spreads and extracts the 
base band signals of the I- and Q-channels by using the specific spread 
signals which are assigned in advance to the mobile stations. The 
above-mentioned code division multiple access requires the same 
reception level of the signals which are received by the base station 
from the mobile stations so as to enable communication characteristics 
of the mobile station to be at the same level. Hence, the base station 
measures the reception levels and notifies the mobile station of the 
measured reception levels, and the mobile station control a 
transmission power in accordance with the notification from the base 
station. 

Hereinbelow, a conventional reception level measuring system 
will be described with reference to Fig. 5. Fig. 5 Is a block diagram 
showing the conventional reception level measuring system. The 
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conventional reception level measuring system comprises a reception 
demodulating unit 101 for demodulating a reception signal received by 
an antenna and outputting a demodulated data stream, and a level 
measuring unit 102 for obtaining an average of the signal level of the 
demodulated data stream. 

The reception demodulating unit 101 removes a carrier 
component and a signal component of a spread band from the 
reception signals which are received by the antenna from mobile 
station. Next, the reception demodulating unit 101 inversely spreads 
the signals by using spread signals which are assigned in advance to 
the mobile station. As a result, the demodulated data stream of the I- 
and Q-channels from the mobile station is outputted from the reception 
demodulating unit 101. 

The level measuring unit 102 obtains the average signal level of 
the demodulated data stream (or well-known signals included in the 
demodulated data stream) at all sampling points for one time slot. The 
average is outputted as a reception level measured-value from the level 
measuring unit 102. 

In general, the movement of the mobile station changes (fades) 
the reception level, In this case, the reception level varies due to the 
Doppler effect depending on the moving speed. A fluctuating frequency 
(referred to as a Doppler frequency) is increased as the moving speed 
of the mobile station becomes higher. 

However, in the conventional reception level measuring system, 
since the reception level is always measured at all the sampling points 
for one time slot and the average is set to be the reception level, 
irrespective of the Doppler frequency, the reception level measured- 
value is smaller than the actual value when the increase in Doppler 
frequency causes a large variation in phase, resulting in a 



measurement error. 

It is an object of the present invention to provide a reception level 
measuring system in which the reception level can be measured with 
high accuracy even if the increase in Doppler frequency causes a large 
variation in phase. 

Disclosure of Invention 

According to the present invention, there is provided a reception 
level measuring system in which a base station in a code division 
multiple access (CDMA) mobile communication system measures the 
reception ievel of a signal from a mobile station, comprising means for 
approximating signal amplitudes of a demodulated data stream of a 
reception signal by a line or a curve and for measuring the reception 
level based on the approximate line or the approximate curve. 

Furthermore, according to the present invention, there is provided 
a reception level measuring system in which a base station in a code 
division multiple access (CDMA) mobile communication system 
measures a reception level of a signal from a mobile station, 
comprising approximate-line estimating means for linearly 
approximating signal amplitudes of a demodulated data stream in 1- 
and Q-channels from a reception signal in a time interval which is set in 
accordance with an estimated Doppler frequency, phase-rotation 
estimating means for estimating the amount of phase rotation based on 
a gradient of the approximate line, Doppler-frequency estimating 
means for estimating the estimated Doppler frequency based on the 
amount of phase rotation, and reception signal power estimating means 
for estimating a reception signal power based on the approximate line. 
The reception level measuring system further comprises data delaying 
means for delaying the demodulated data stream by a time necessary 



for the approximate line estimating process by the approximate-line 
estimating means, and noise-power estimating means for detennining 
the difference between the approximate line and the demodulated data 
stream delayed by the data delaying means as a noise component and 
for estimating a noise power. Furthermore, the reception level 
measuring system further comprises averaging means for subtracting 
the estimated noise power estimated by the noise-power estimating 
means from the estimated reception signal power from the reception 
signal power estimating means, averaging the resultant values, and 
outputting the average as a reception level measured-value. 

According to the present invention, in addition, there is provided a 
reception level measuring system in which a base station in a code 
division multiple access (CDMA) mobile communication system 
measures a reception level of a signal from a mobile station, 
comprising approximate-curve estimating means for nonlinearly 
approximating signal amplitudes of a demodulated data stream in I- 
and Q-channels from a reception signal, phase-rotation estimating 
means for estimating the amount of phase rotation based on a 
differential coefficient of the approximate curve, Doppler-frequency 
estimating means for estimating an estimated Doppler frequency based 
on the amount of phase rotation, reception signal power estimating 
means for estimating a reception signal power based on the 
approximate curve, data delaying means for delaying the demodulated 
data stream by a time necessary for the approximate curve estimating 
process by the approximate-curve estimating means, noise-power 
estimating means for detemnining that a noise component is the 
difference between the approximate curve and the demodulated data 
stream delayed by the data delaying means and for estimating a noise 
power, and averaging means for subtracting the estimated noise power 



from the noise-power estimating means from the reception signal 
power estimated value which Is estimated by the reception signal 
power estimating means, averaging the resultant values, and outputting 
the average as a reception level measured-value. The approximate- 
curve estimating means approximates the signal amplitudes of the 
demodulated data stream by a curve represented by a polynomial 
whose order is set in accordance with the estimated Doppler frequency. 

Brief Description of the Drawings 

Fig. J_js a block diagram showing a first embodiment of the 
present invention; 

Fig. 2 is a block diagram showing a second embodiment of the 
present invention; 

Fig. 3(a) and Fig. 3(b) are diagrams showing the relationship 
between the signal amplitude of a demodulated data stream and an 
approximate line thereof; 

Fig. 4 is a diagram showing the relationship between the signal 
amplitude of a demodulated data stream and an approximate curve 
thereof; and 

Fig^^s a block diagram showing the conventional art. 

Best Mode for Carrying Out the Invention 

Herein below, a first embodiment of the present invention will be 
described with reference to Fig. 1. Fig. 1 is a block diagram showing 
the first embodiment of the present invention. 

According to the first embodiment, a reception level measuring 
system comprises reception demodulating means 1 for demodulating a 
reception signal and outputting a demodulated data stream of I- and Q- 
channels, approximate-line estimating means 2 for linearly 
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approximating signal amplitudes of the demodulated data stream in a 
time interval set in accordance with an estimated Doppler frequency, 
phase-rotation estimating means 3 for estimating the amount of phase 
rotation based on the approximate line, Doppler-frequency estimating 
means 4 for estimating a Doppler frequency based on the estimated 
amount of phase rotation, data delaying means 5 for delaying the 
demodulated data stream by time necessary for the process for 
estimating the approximate line by the approximate-line estimating 
means 2, reception signal power estimating means 6 for estimating the 
reception signal power based on the approximate line estimated by the 
approximate-line estimating means 2, noise-power estimating means 7 
for determining the difference in signal amplitude between the 
approximate line and the demodulated data stream delayed by the data 
delaying means 5 and estimating a noise power, and averaging means 
8 for obtaining the reception level measured-value every time slot 
based on power values which are estimated by the reception signal 
power estimating means 6 and the noise-power estimating means 7. 

The reception demodulating means 1 removes a carrier 
component from the reception signal received through an antenna from 
a mobile station, extracts signal components having a spread band, 
inversely spreads the extracted signal components by using spread 
codes which are assigned in advance to the mobile station, and outputs 
the demodulated data stream in the I- and Q-channels from the mobile 
stations. 

The approximate-line estimating means 2 estimates, as an 
approximate line, the change in the signal amplitudes, caused by fading, 
of the demodulated data stream In the I- and Q-channels. In this case, 
the approximate line is estimated in a time interval set in accordance 
with the estimated Doppler frequencies, by the well-known method of 



least squares. 

Fig. 3(a) and Fig. 3(b) are diagrams showing the relationship 
between the signal amplitude of the demodulated data stream and the 
approximate line thereof Then, since the processing of the 
demodulated data stream in the 1-channel is the same as the 
processing of the demodulated data stream in the Q-channel, only one 
of the I- and Q-channels (e.g., the l-channel) is shown herein. 

Fig. 3(a) shows that there is no fading or only gentle fading. In 
this status, when it is assumed that a frequency offset is completely 
removed by AFC (automatic frequency correction), the phase fading 
can almost be ignored. Hence, the approximate line can be estimated 
at all sampling points for one time slot 

Fig. 3(b) shows that there is rapid fading. Herein, reference 
numeral tO denotes a time interval for estimating the approximate line 
which is determined by the estimated Doppler frequency. The 
approximate-line estimating time Interval tO is shorter than the length of 
one time slot and the fading period, and has a predetermined signal 
amplitude changing ratio and a predetermined phase-fading ratio. 
Therefore, the approximate line is estimated every time interval tO, in 
order to accurately estimate the approximate line. 

The phase-rotation estimating means 3 calculates the amount of 
phase rotation of the signal amplitudes In the 1- and Q-channels based 
on gradient of the approximate line which is estimated by the 
approximate-line estimating means 2 every time Interval tO. 

When it is assumed that a symbol m denotes the difference in 
signal amplitude between a start point and an end point of the 
approximate line of the demodulated data stream in the l-channel and a 
symbol n denotes the difTerence in signal amplitude between a start 
point and an end point of the approximate line of the demodulated data 



stream in the Q-channel, the amount of phase rotation 9 at the time 
interval tO is approximated by the following expression (1). 
e = arc tan (n/m)... (1) 

The Doppler-frequency estimating means 4 comprises a Doppler- 
frequency calculating unit 41 and a memory 42. 

The Doppler-frequency calculating unit 41 calculates the amount 
of rotation per unit time, from the amount of phase rotation 0 estimated 
by the phase-rotation estimating means 3. Incidentally, it is assumed 
that the calculated value is the current estimated Doppler frequency. 
The average of the present estimated Doppler frequency and the 
previous estimated Doppler frequency stored in the memory 42 
represents a next estimated Doppler frequency. The previous 
estimated Doppler frequency stored in the memory 42 is updated with 
the next estimated Doppler frequency. It is possible to reduce the 
variation in the estimated values, which is caused by thermal noise and 
an estimation error of the approximate line, by averaging the previous 
estimated Doppler frequency and the present estimated Doppler 
frequency. 

The data delaying means 5 delays the demodulated data stream 
by time necessary for the approximate-line estimating process of the 
approximate-line estimating means 2. That is, tiie demodulated data 
stream, which is synchronized with the output of the approximate-line 
estimating means 2, is outputted to the noise-power estimating means 
7. 

The reception signal power estimating means 6 estimates the 
reception level based on the approximate line estimated by the 
approximate-line estimating means 2 and the estimated Doppler 
frequency estimated by the Doppler-frequency estimating means 4. If 
the estimated Doppler frequency is low (change in level is small), the 



reception signal power estinnating means 6 obtains the average signal 
amplitude within the time slot, and estimates the reception signal power. 
If the estimated Doppler frequency is high (change in level is large), the 
reception signal power estimating means 6 assumes the approximate 
line estimated every time interval tO to be the present signal amplitude, 
obtains the average at the sampling points within the time Interval tO, 
and estimates the reception signal power. 

Since the approximate line estimated by the approximate-line 
estimating means 2 includes a noise component, the reception level 
estimated based on the approximate line also includes noise power. 
Thus, the noise-power estimating means 7 is provided to estimate the 
noise power. 

The noise-power estimating means 7 determines the difference 
between the approximate line estimated by the approximate-line 
estimating means 2 and the demodulated data stream delayed by the 
data delaying means 5 as a noise component, and estimates the noise 
power based on the estimated Doppler frequency, similarly to the . 
reception signal power estimating means 6. 

The averaging means 8 subtracts the noise power level estimated 
by the noise-power estimating means 7 from the reception signal power 
level estimated by the reception signal power estimating means 61 , and 
averages the power levels within one time slot The averaging means 
8 outputs the averaged power level as the reception level measured- 
value with high accuracy. 

As mentioned above, the signal levels of the demodulated data 
stream are linearty approximated in the time Interval set based on the 
estimated Doppler frequency which is varied in accordance with the 
fading. It is possible to obtain the reception level measured-value with 
high accuracy by estimating the reception signal power and the noise 



power and by measuring the reception level based on the approximate 
line even If the Doppler frequency is increased and the variation in 
phase is large. 

Next, a second embodiment of the present invention will be 
described with reference to Fig. 2. Fig. 2 is a block diagram showing 
the second embodiment of the present invention. 

The reception demodulating means 1 , the Doppler-frequency 
estimating means 4, and the data delaying means 5 are designated by 
the same reference numerals because they are the same as those in 
Fig. 1. 

According to the second embodiment shown in Fig. 2, differently 
from the first embodiment shown in Fig. 1, (1) the signal amplitudes of 
the demodulated data stream are approximated not by a line but by a 
curve, (2) when the approximate curve is estimated, the approximate 
curve is estimated from all signal values within one time slot, instead of 
setting the time interval depending on the estimated Doppler frequency, 
and (3) the amount of phase rotation is calculated based an differential 
values of the approximate curve. Other features of the second 
embodiment are similar to those of the first embodiment. 

As shown in Fig. 2, according to the second embodiment, the 
reception level measuring system comprises the reception 
demodulating means 1 for demodulating a reception signal and 
outputting a demodulated data stream of I- and Q-channels, 
approximate-curve estimating means 9 for curvediy approximate signal 
levels of the demodulated data stream, phase-rotation estimating 
means 10 for calculating the amount of phase rotation based on a 
differential coefficient of the approximate curve, the Doppler-frequency 
estimating means 4 for estimating a Doppler frequency based on the 
estimated amount of phase rotation, the data delaying means 5 for 
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delaying the demodulated data stream by time necessary for the 
approximate curve estimating process by the approximate-curve 
estimating means 9, reception signal power estimating means 11 for 
estimating reception signal power based on the approximate curve 
estimated by the approximate-curve estimating means 10, noise-power 
estimating means 12 for determining the difference in signal amplitude 
between the approximate curve and the demodulated data stream 
delayed by the data delaying means 5 and estimating noise power, and 
averaging means 13 for obtaining a reception level measured-value per 
time slot based on the power values estimated by the reception signal 
power estimating means 11 and the noise-power estimating means 12. 

The approximate-curve estimating means 9 comprises a 
polynomial-degree setting unit 91 for setting a degree N of a polynomial 
representing the approximate curve in accordance with an estimated 
Doppler frequency, and a polynomial estimating unit 92 for estimating 
an N-degree polynomial which approximates signal amplitude levels of 
the demodulated data stream of the I- and Q-channels, which are 
outputted from the reception demodulating means 1 . 

Fig. 4 is a diagram showing the relationship between the signal 
amplitudes of the demodulated data stream and the approximate curve 
thereof. 

The polynomial-degree setting unit 91 sets the degree N of the N- 
degree polynomial for approximating the signal amplitudes of the 
demodulated data stream in accordance with the estimated Doppler 
frequencies. In the case of no fading or the gentle (static) fading, the 
degree N is equal to 1 . In the case of the rapid (dynamic) fading, the 
degree N is set to be a higher value (N > 2) in accordance with the 
estimated Doppler frequency, 
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The phase-rotation estimating means 10 calculates the amount of 
phase rotation based on a maximum value of the differential coefficient 
of the estimated approximate-curve (N-degree polynomial). When, at a 
time interval t in the approximate curve, a symbol m denotes the 
maximum value of the differential coefficient of the l-channel and a 
symbol n denotes a minimum value of the differential of the Q-channel, 
the amount of phase rotation 8 is approximated by the following 
expression (2). 

e(t) ~ arc tan (n/m)... (2) 

A Doppler-frequency calculating unit 41 in the Doppler-frequency 
estimating means 4 calculates the present Doppler frequency based on 
the amount of phase rotation obtained by the phase-rotation estimating 
means 10. Incidentally, it is assumed that a next estimated Doppler 
frequency is represented by the average of the present Doppler 
frequency as calculated above and the previous estimated Doppler 
frequency stored In the memory 42. 

The data delaying means 5 outputs the demodulated data stream, 
which is synchronized with an output of the approximate-curve 
estimating means 9, to the noise-power estimating means 12. 

The reception signal power estimating means 11 assumes the 
approximate curve estimated by the approximate-curve estimating 
means 9 to be the present signal amplitude, obtains the average at all 
sampling points within the time slot, and estimates the reception signal 
power. 

The noise-power estimating means 12 determines that the noise 
component is the difference between the approximate curve estimated 
by the approximate-curve estimating means 9 and the demodulated 
data stream delayed by the data delaying means 5, obtains the 
average at all sampling points within time slot, and estimates noise 
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power, similarly to the case of the reception signal power estimating 
means 11. 

The averaging means 13 subtracts a noise power level which is 
estimated by the noise-power estimating means 12, from the reception 
signal power level estimated by the reception signal power estimating 
means 11 , and outputs the reception level measured-value per time slot. 

As mentioned above, the curve of the signal amplitudes of the 
demodulated data stream is approximated by a polynomial whose order 
is set in accordance with the estimated Doppler frequency, estimates 
the reception signal power and the noise power based on the 
approximate curve to measures the reception level. Thus, if the 
Doppler frequency is high and the variation in phases is Increased, the 
reception level can be measured at high accuracy. 

Industrial Applicability 

According to the present invention, signal amplitudes of a 
demodulated data stream are linearly approximated in a time interval 
which is set In accordance with an estimated Doppler frequency that 
varies depending on fading, and measures a reception level based on 
the approximate line. As a consequence, if the Doppler frequency is 
high and the variation in phase is increased, the reception level can be 
measured with high accuracy. 

Furthermore, according to the present invention, a curve of signal 
levels of the demodulated data stream is approximated by a polynomial 
whose order is set in accordance with the estimated Doppler frequency, 
and the reception level is measured based on the approximate curve. 
As a consequence, if the Doppler frequency is high and the variation in 
phase is Increased, the reception level can be measured with high 
accuracy. 
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CLAIMS 



1. A reception level measuring system in which a base station in 
a code division multiple access (CDMA) mobile communication system 
measures a reception level of a signal from a mobile station, said 
reception level measuring system comprising 

means for approximating signal amplitudes of a demodulated 
data stream of a reception signal by a line or a curve and for measuring 
the reception level based on the approximate line or the approximate 
curve. 

2. A reception level measuring system in which a base station in 
a code division multiple access (CDMA) mobile communication system 
measures a reception level of a signal from a mobile station, said 
reception level measuring system comprising: 

approximate-line estimating means for linearly approximating 
signal amplitudes of a demodulated data stream in 1- and Q-channels 
from a reception signal, in a time inten/al which is set in accordance 
with an estimated Doppler frequency; 

phase-rotation estimating means for estimating the amount of 
phase rotation based on a gradient of said approximate line; 

Doppler-frequency estimating means for estimating said 
estimated Doppler frequency based on the amount of phase rotation; 
and 

reception signal power estimating means for estimating a 
reception signal power based on said approximate line. 

3. A reception level measuring system according to Claim 2, 
further comprising: 

data delaying means for delaying the demodulated data stream 
by a time necessary for the approximate line estimating process by said 
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approximate-line estimating means; and 

noise-power estimating means for determining the difference 
between said approximate line and the demodulated data stream 
delayed by said data delaying means as a noise component and for 
estimating noise power. 

4. A reception level measuring system according to Claim 3, 
further comprising: 

means for subtracting an estimated noise power estimated by 
said noise-power estimating means from the estimated reception signal 
power from said reception signal power estimating means, averaging 
the resultant values, and outputting the average as a reception level 
measured-value, 

5. A reception level measuring system in which a base station in 
a code division multiple access (CDMA) mobile communication system 
measures a reception level of a signal from a mobile station, said 
reception level measuring system comprising: 

approximate-curve estimating means for nonllneariy 
approximating signal amplitudes of a demodulated data stream in 1- 
and Q-channels from a reception signal; 

phase-rotation estimating means for estimating the amount of 
phase rotation based on a differential coefficient of said approximate 
curve; 

Doppler-frequency estimating means for estimating a estimated 
Doppler frequency based on the amount of phase rotation; 

reception signal power estimating means for estimating a 
reception signal power based on said approximate curve; 

data delaying means for delaying the demodulated data stream 
by a time necessary for the approximate-curve estimating process of 
said approximate-curve estimating means; 
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noise-power estimating means for determining that a noise 
component is tlie difference between the approximate curve and the 
demodulated data stream delayed by said data delaying means and for 
estimating a noise power; and 

means for subtracting the estimated noise power estimated by 
said noise-power estimating means from the reception signal power 
from said reception signal power estimating means, averaging the 
resultant values, and outputting the average as a reception level 
measured-value. 

6. A reception level measuring system according to Claim 5, 
wherein said approximate-curve estimating means approximates the 
signal amplitudes of the demodulated data stream by a curve 
represented by a polynomial whose order is set in accordance with the 
estimated Doppler frequency. 
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ABSTRACT 



It is an object of the present invention to measure a reception 
level with high accuracy If a Doppler frequency is increased and the 
variation in phase becomes large. Approximate-line estimating means 
2 linearly approximates signal amplitudes of a demodulated data 
stream by time interval set in accordance with an estimated Doppler 
frequency. Phase-rotation estimating means 3 estimates the amount of 
phase rotation based on the approximate line. Doppler-frequency 
estimating means 4 estimates a Doppler frequency based on the 
amount of phase rotation. Data delaying means 5 delays the 
demodulated data stream by time necessary for the approximate-line 
estimating process. Reception signal power estimating means 6 
estimates reception signal power based on the approximate line. 
Noise-power estimating means 7 detemiines the difference in signal 
amplitude between the demodulated data stream and the approximate 
line as a noise component, and estimates noise power. Averaging 
means 8 outputs a measured reception level per time slot based on the 
estimated power level of the reception signal power estimating means 6 
and the noise-power estimating means 7. 
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DECLARATION AND POWER OF ATTORNEY 
As a below named inventor, I HEREBY DECLARE: 

TEIAT my residence, post office address, and ciUzenship are as stated bdow next to my 

name; 

TEiAT I believe I am the original, first, and sole inventor (if only one inventor is named 
below) or an original, first, and joint inventor (if plural inventors are named below or in an 
attached Declaration) of the subject matter which is claimed and for which a patent is sought on 
the invention entitled 

RBCEPTIOH LBVEl MEASURING SYSTM 



the specification of which (chedc one) 

is attached hereto. 

Tf fi^f i^ nn Aii^r, 1 1 . 2000 as United States Application Number 

or PCT International Application Number FCT/JPOO/053 , 9 . 8 — and 
was amended on MareH l6, 2001 Qf applicable). 

THAT I do not know and do not believe that the same invention was ever known or used 
by others in the United States of America, or was patented or described in any printed publication 
in any coimtry, before I (we) invented it; 

THAT I do not know and do not believe that the same invention was patented or 
described in any printed publication in any country, or in public use or on sale in the United 
States of America, for more than one year prior to the filing date of this United States 
application; 

THAT 1 do not know and do not believe that the same invention was first patented or 
made the subject of an.inventor's certificate that issued in any country foreign to the United 
States of America before the filing date of this United States application if the foreign application 
was filed by me (us), or by my (our) legal representatives or assigns, more than twelve months 
(six months for design patents) prior to the filing date of this United States application; 

THAT I have reviewed and understand the contents of the above-identified specification, 
including the claim(s), as amended by any amendment specifically referred to above; 

THAT I believe that the above-identified specification contains a written description of 
the invention, and of the manner and process of making and using it, in such ftiU, clear, concise, 
and exact terms as to enable any person skiUed in the art to which it pertams, or with which it is 
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most nearly connected, to make and use the invention, and sets forth the best mode contemplated 
by me of carrying out the invention; and 

THAT I acknowledge the duty to disclose to the U.S. Patent and Trademark Office all 
information known to me to be material to patentability as defined in Title 37, Code of Federal 
Regulations, §1.56. 

I HEREBY CLAIM foreign priority benefits under Title 35, United States Code §1 i9(a)- 
(d) or § 365(b) of any foreign application(s) for patent or inventor's certificate, or §365(a) of any 
PCT international application which designated at least one country other than the United States 
of America, listed below and have also identified below any foreign application for patent or 
inventor's certificate or of any PCT international application having a filing date before that of 
the application on which piioiity is claimed. 



Prior Foreign 
AppIiciiU'oa Numb«r 


Cooiilry 


FofsigoFillneD.'ite 


Priority 
Claimed? 


Certified Copy 
Attached? 


11-229060 


Japan 


August 13, 1999 


yes 


























I HEREBY CLAIM the benefit under Title 35, United States Code § 119(e) of any United 
States provisional application(s) listed below. 



VJS. ProvisMoali^pBcaUon Number 


Filing Date 















I HEREBY CLAIM the benefit under Title 35, United States Code, §120 of any United 
States application(s), or § 365(c) of any PCT international application designating the United 
States of America, listed below and, insofar as the Subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT International application in the 
manner provided by the first paragraph of Title 35, United States Code, § 112, 1 acknowledge the 
duty to disclose information which is material to patentability as defined in Title 37, Code of 
Federal Regulations, § 1.56 which became available between the filing date of the prior 
application and the national or PCT international filing date of this application. 
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U.S. Parent 
Application Number 


PCTPafcm 
AppUcation Number 


Parcot 
Filing Date 


Parent 
Patent Number 



























1 HEREBY APPOINT the following registered attorneys and agents of the law firm of 
FOLEY & LARDNER to have full power to prosecute this application and any continuations, 
divisions, reissues, and reexanimations thereof, to receive the patent, and to transact all business 
in the United States Patent and Trademark Office connected therewith: 



STEPHEN A. BENT 


Reg. No. 


DAVJD A. BLUMENTHAL 


Reg. No. 


BETHA.BURROtJS 


Reg. No. 


AIjWI. CANTOR 


Reg. No. 


WILLIAM T.ELUS 


Reg. No. 


J0HNJ,FEU3iHAUS 


Re^No. 


PATRICIA D. GRANADOS 


Reg, No. 


JOHN?, ISACSON 


Reg. No. 


MICHAEL D. KAMINSKI 


Reg, No. 


LYLEK.K1MMS 


Reg. No, 


KENNETH E. KROSIN 


Reg. No. 


JOHNNY A, KUMAR 


Reg. No. 


GLENN LAW 


Reg. No. 


PEIER G. MACK 


Reg. No. 


BRIAN J. MCNAMARA 


Reg. No. 


SYBIL MELOY 


Reg. No. 


RICHARD C. PEET 


Reg. No. 


GEORGE E.QUILLIN 


Reg, No. 


COUN G. SAN0ERCOCK 


Reg. No. 


BEBNHARD D. SAX£ 


Reg. No. 


CHARLES P. SCmLL 


Reg, No, 


RICHARD L. SCHWAAB 


Reg. No. 


ARTHUR SCHWASaZ 


Reg. No. 


HAROLD C. WEGNER 


Ren. No. 



29.768 
35,087 



33,683 

_33j7l5 

-3^079 

26,00: 

2S,479 



and I request that all correspondence be directed to: 



David A. Blumg iMl 
FOl£t.&JLAED£iER 
AQOOK Street, N.W ^^SuiteSOO, 
Washington, B.C. 2Q007-S109 

Telephone: 202-672-5407 
Facsimile: 202-672-5399 



I UNDERSTAND AND AGREE THAT the foregoing attorneys and agents appointed by 
me to prosecute this application do not personally represent me or ray legal interests, but instead 
represent the interests of the legal owner(s) of the invention described in this application. 
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I FURTHER DECLARE THAT all statements made herein of my own knowledge arc 
true, and that all statements made on infonmation and belief are believed to be true; and further 
that these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment* or both, under Section 1001 of Title 18 of the 
United States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 



Name of first inventor 

Residence 

Citizenship 

Post Office Address 

Inventor's signature 
Date 



TADASHI OGAMI 



Tokyo, Japan jp)(; 



Japanese 



c/o NEC Corporation, 7-1, Shiba 5-chome, Minato-fcu, 

Tokyo, Japan 



FeTsruary 8, 



•'Sr- 



Name of Second inventor 

Residence 

Citizenship 

Post Office Address 



Inventor's signature 



Name of third inventor 

Residence 

Citizenship 

Post Office Address 



Inventor's signature 
Date 
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